The aim of the present paper was to evaluate the influence of different climatic conditions on the activity of alpha-amylase in wheat samples and bread quality parameters. Three wheat varieties grown in three different localities in three years were chosen for this study. Commonly used methods for estimation of alpha-amylase activity in wheat grain were employed. The obtained results indicated that harvest year 2013, which was characterized with the excessive amount of rainfall, exhibited the highest level of alpha-amylase activity and the lowest values of the peak viscosity. The lowest alpha-amylase level and the highest peak viscosity and FN value were observed for samples harvested in 2012 which was characterized with the greatest number of days with an average daily temperature above 30 and 35 °C. In addition, a decrease in Mixolab parameter torque C3 and specific bread loaf volume, as well as increase in the breakdown torque (C3-C4) of samples harvested in 2013 were observed, which could be attributed to rainy weather influencing increase in alpha-amylase activity. It is found that specific bread loaf volume of wheat samples is highest in 2012. Moreover, a negative correlation between alpha-amylase activity and specific bread volume for all the samples grown in three years was determined.
INTRODUCTION
Wheat is one of the most important cereals which are grown under different environment conditions worldwide. It has long been recognized that environmental factors have substantial effect on wheat development and thus wheat quality. Stressful weather conditions can take place at any time of the wheat plant development and cause diverse changes in grain morphology and structure (Altenbach et al., 2012; Beckles and Thitisaksakul, 2014) . Heat stress and rainfall are recognized as significant factors affecting grain yield and quality in wheat. During grain-filling unfavorable climatic conditions can led to alterations in protein deposition and starch biosynthesis, and thus starch characteristics (Balla et al., 2011) . Exposure to high temperatures may severely influence starch accumulation in cereal endosperm due to susceptibility of starch enzymes (Barnabas et al., 2008; Zhao et al., 2008) . It is reported that even short period of elevated temperatures (35-40°C) during grain growth have influence on quality of the grain (Viswanathan and Khanna-Chopra, 2001). Furthermore, large amount of rainfall during grain-filling can significantly increase the level of alpha-amylase, leading to endo-sperm starch degradation and impairment of bread quality (Ischinose et al., 2001 ). The excessive level of alpha-amylase is mainly associated with sprouting which occurs before harvest. Poor quality of end-use products due to high level of alpha-amylase presents huge economic loss to breeders. There are many factors which can significantly affect breadmaking traits. Climatic variations have been considered to be primary factors which can influence the changes in end-use quality. Wheat grain yield and breadmaking properties depend on genotype and environment, as well as their interaction (Denčić et al., 2011 ).
There have been several methods proposed for estimation of alpha-amylase activity, such as: Amylograph, Hagberg falling number, Rapid Visco Analyser, etc. Brabender Amylograph is approved and standardized method by AACC, ICC and ISO, which monitors changes in pasting properties of heated wheat-water suspension undergoing liquefaction. Hagberg falling number method is a widely used for commercial estimation of alpha-amylase activity, measuring time needed to stir through hot aqueous flour suspension. These methods are indicators of alpha-amylolitic activity, which is determined through its effect on the pasting characteristics. Therefore, lower maximum viscosity or shorter time needed to stir through liquefied starch paste indicate increased alpha-amylase activity, and vice versa. Low value of falling number is generally attributed to preharvest sprouting (Mares and Mrva, 2008) ; however, alpha-amylase level could be also elevated in the absence of visible sprouting (Kettlewell, 1999) . Besides above mentioned methods, Chopin Mixolab is a method commonly employed for determination of starch gelatinization properties which can be affected by activity of amylolitic enzymes .
There is increasing interest given to the influence of climatic variations on the wheat grain yield and quality. Therefore, the aim of the present paper was to investigate the relationship between wheat flour alpha-amylolitic activity, which has been affected by variable climatic conditions, and parameters of bread quality to develop practical indicator for the estimation of breadmaking quality.
MATERIAL AND METHODS

Wheat samples
Three hard white winter wheat varieties T. aestivum (Apač, Pobeda and Zvezdana) grown in three different localities in Pannonian plane in Serbia (Bačka Topola -BT, Sremska Mitrovica -SM and Sombor -SO) over three growing seasons (2011, 2012 and 2013) were chosen for the study. Pobeda and Zvezdana were bred by the Institute of Field and Vegetable Crops, Novi Sad, Serbia, whereas Apache was bred by Limagrain, Chappes, France. The measurements of temperature and amount of rainfall at meteorological stations in the three examined localities were observed from the beginning of May until the time of harvest (10th July). Wheat samples were milled to flour using a laboratory mill MLU 202 (Bühler, Uzwil, Switzerland) according to AACC 26-31.
Alpha-amylase assay
α-Amylase activity of wheat flours was determined by α-amylase kit (Ceralpha, Megazyme Co., Ltd., Wicklow, Ireland). In this method, one unit of alpha-amylase activity is defined as the amount of enzyme releasing 1 mmol of glucose reducing-sugar equivalents per minute under defined assay conditions. Results were expressed in Ceralpha Units (CU) on a dry basis.
Pasting properties
The maximum amylograph viscosity (MV) was measured using an Amylograph (Brabender Co., Duisburg, Germany) according to ICC Standard No. 126/1.
Hagberg falling number
Hagberg falling number was measured according to ICC Standard No. 107/1.
Measurement of dough physical properties by Mixolab
Rheological behavior of wheat flour dough was determined by Mixolab (Chopin, Tri-pette et Renaud, Paris, France) using ICC standard No. 173 and Chopin+ protocol. The mixing speed was kept constant at 80 rpm. Obtained parameters which were investigated were torques C3 and C3-C4.
Bread making procedure
The bread dough was formulated of 300 g of flour (14 g/100 g moisture basis), 2% fresh yeast (flour basis) and 2% salt (flour basis). The amount of water required to reach the consistency of 400 Brabender Units (BU) was determined by farinograph data. The dough was mixed for 5 minutes and fermented for 120 min at 30 °C and 75% relative humidity (RH), with punches after 60 and 90 min. Afterwards, the fermented dough was divided into three pieces (130 g), hand-moulded and proofed for 70 min at 30 °C and the relative humidity of 75% RH for final fermentation. The bread loaves were backed in a MIWE deck baking oven (MIWE Condo, Germany) for 15 min at 220 °C. After cooling at room temperature for 1h, the bread volume was determined by using a millet displacement method, while specific volume (cm 3 /g) was calculated as a ratio of volume and weight.
Statistical analysis
The effects of three factors (wheat variety, locality and harvest year) on examined parameters were determined using threeway ANOVA. The comparison among means was performed by the Fisher test, and the significant differences were calculated at p < 0.05. Pearson correlation coefficients (r) for the relationships between investigated parameters were also calculated. Statistical methods were performed using the Software XLSTAT, version (2012.2.02). All measurements were carried out in duplicate, whereas bread making test was performed in triplicate on separate batches.
RESULTS AND DISCUSSION
According to the presented results ( Figure  1 ) it could be observed that among all three years, year 2013 was dominantly rainfed during the period of post-anthesis. Year 2013 was characterized with excessive amounts of rain in all three investigated localities. Year 2011 had the lowest amount of rainfall in BT and SM, while in SO the level of precipitation was the same as in year 2012.
The greatest number of days with an average daily temperature above 30 and 35 °C (Figure 2 ) was in 2012 in all investigated localities. During post-anthesis in 2012 in BT the number of days with an average daily temperature above 30 (35) °C was 31 (10) days, in SM 38 (11) days, while in SO was 28 (7) days. Therefore, year 2012 was characterized with heat stress during crucial period of wheat grain development. The number of days with an average daily temperature above 35 °C was the lowest in 2011 in all three localities, and thus heat stress was less pronounced.
According to the presented results (Table 1) Moreover, wheat flour samples harvested in 2013 exhibited the lowest values of amylograph maximum viscosity (MV), while year 2012 was characterized with the highest MV values. As mentioned above, it could be assumed that the reduction in flour peak viscosity could be result of the increase in alpha-amylase level. It is widely accepted that amylolitic enzymes affect flour pasting properties. Alpha-amylase is endo-acting enzyme which degrades starch molecules thus affecting flour suspension viscosity (Noda et al., 2003 
CONCLUSIONS
It was shown that climatic variations during post-anthesis period had influence on wheat flour properties and breadmaking quality. Harvest year 2013, which was characterized with the excessive amount of rainfall, influenced increase in the level of alphaamylase activity which might cause the reduction in peak viscosity, torques C3 and increase in breakdown torque (C3-C4). Moreover, samples harvested in 2013 exhibited the lowest mean value of specific bread loaf volume. However, increase in alpha-amylase did not influence decrease in falling number value for samples harvested in 2013, as expected. In addition, year 2012 which was characterized with heat-stress had the lowest wheat flour alpha-amylase activity and the highest maximum viscosity and falling number value, as well as the highest mean value of specific bread loaf volume. Therefore, level of alpha-amylase activity, which was affected by climatic variations, could be a practical index for the estimation of the value of breadmaking quality.
